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ABsamcT 


The  purpose  of  this  stii<Jy  vas  to  eisplors  the  use  of  ncnavjenifying 
yellow  lenses  to  enhance  personnel  detection  in  the  evergreen  raiiiforest, 
Itvelve  UG  Infantry  soldiers  irtth  nomal  vision j  using  spectacles  fitted 
with  yellow  lenses,  were  each  presented  45  randonly  appeesrins  hurnn  tar¬ 
gets  T/ithin  a  l3o'^  field  of  scai'ch.  Tlie  targets,  who  were  dressed  in 
standard  Amy  field  clothes,  stood  motionless  at  predetermined  distance 
markers  facing  the  observer.  Tests  were  conducted  on  three  sites  in  the 
evergreen  rainforest  of  tlie  Canal  Zone  during  the  dry  season  (April  1965). 
Results  vjere  cesapared  vrith  tlioso  obtained  from  18  additional  observers 
with  unaided  vision,  who  were  tested  on  the  seme  sites  and  under  the  same 
conditions . 

Tlie  major  effect  of  using  the  yellow  lenses  was  to  restrict  rather 
than  increase  detectability  of  human  targets.  Perceptually,  the  lenses 
made  tlie  targets  appear  farther  from  the  observers,  resulting  in  signifi¬ 
cant  distance  ovexestiaation.  Eetection  times  and  practice  effects  were 
not  affected  by  use  of  the  lenses. 


FORSTOBD 


Tnis  is  the  fourth  report  in  the  Tropic  Test  Center  series  deallnc 
with  personnel  detection  in  tropical  forests.  The  research  is  supported 
by  the  US  Amy  In-House  laboratory  Independrot  Research  Procraa. 

The  primary  purpose  of  these  studies  is  to  provide  a  baseline  of 
quantitatively  sotind  data  concerninG  the  '/isual  capabilities  of  the 
soldier  in  th.e  juncle.  From  the  standpoint  of  the  Test  and  Evaluation 
mission  of  the  Center,  these  data  afford  measures  for  use  In  evaluating 
the  results  of  tests  involving  various  types  of  visual  aids.  Moreover, 
the  tecluiiques  used  for  measuring  visual,  thresholds  in  the  field  ore  also 
applicable  for  testing  equipment  designed  to  enhance  visual  capabilities. 
In  fact,  the  present  study  departs  from  the  preceding  throe  by  evaluating 
the  feasibility  of  a  commercial  visxial  aid  for  jungle  use. 

The  Tropic  Teat  Center,  because  of  its  geographic  location,  is 
ideally  situated  to  collect  these  basic  data  and  thus  help  close  the  gap 
in  our  present  knowledge. 

Beyond  the  Test  and  Evaluation  mission,  hcfv/ever,  these  reports  may 
have  implications  for  tactics,  training,  and  operations.  For  these 
reasons,  the  reports  are  given  wide  distribution. 

The  authors  gratefully  acknowledge  the  .technical  advice  and  free 
materials  furnished  by  Bausch  &  Lomb,  Inc.i/ ,  to  make  this  study  possible. 


\j  Keferonce  to  a  corporate  entity  in  this  report  is  for  information  only 
and  does  not  constitute  an  official  indorsement  or  approval  of  the  entity 
or  its  products. 
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BRIE?  OF  RESULTS 


Tlie  purpose  of  ■*;he  study  was  to  explore  tiic  possibility  tl’.at  yclls;v; 
lenses  wou,ld  increase  personnel  debecticn  in  the  evercreea  rainforest. 
These  lenses  are  dcsicned  to  filter  out  portions  of  the  ’oluc-[prccn  spcc- 
tnon  and  thus  enhance  apparent  briebtness  and  contrast  in  lovr  illumination 
environments.  The  lenses  are  used  comeraially  for  inspection  and  eport- 
inc  purposes. 

T\relve  US  Infantry  observers  with  normal  vision,  usins  spectacles 
fitted  '.^th  yellcnf  lenses,  were  each  presented  U5  randomly  appear inc  human 
targets  vrithin  a  l80°  field  of  search.  T’nc  targets,  wiio  v.-ere  dressed  in 
standard  Amy  field  clotl-.es,  stood  motionless  on  predetermined  distance 
narhers  facing  the  obser/-er.  Testing  v/as  conducted  on  tluree  sites  in  the 
evergreen  rainforest  during  the  dry  season.  Test  results  from  the  12 
observers  using  lenses  were  ccr.pared  lilth  test  results  from  13  additional 
observers  v/ith  unaided  vision.  The  latter  group— used  as  controls  for 
this  study —  ^;as  tested  on  the  same  jungle  sites  under  identical  condi¬ 
tions.  The  results  of  the  comparisons  are  as  fcUoifs: 

1.  Yellow  lenses  significantly  degraded  average  target  detections  as 
measured  by  tnc  visual,  threshold  of  individual  observers.  Tue  average 
threshold  for  the  unaided  vision  group  exceeded  the  average  tivreshold  for 
the  lens  group  by  about  10  feet. 

2.  The  unaided  vision  grotip  exceeded  the  yellow  lens  grovip  in  per¬ 
centage  of  target  detections  by  about  seven  percent.  The  difference  was 
not  statistically  reliable,  Tiiere  was  no  tendency  for  either  group  to 
differ  greatly  at  either  the  closest  or  the  more  distant  targets  in  toms 
of  overall  percent  detections. 

3.  Pcreeptualli'',  tergets  viewed  tlircug’n  the  lenses  appeared  to  be 
farther  from  the  observer.  Observers’  using  yellow  lenses  overestimated 
true  target  disi  nces  to  a  significantly  greater  extent  than  did  observers 
with  unaided  vision. 

4.  Tliere  TraLS  no  difference  between  the  yellow  lens  and  unaided 
vision  groups  vri.th  respect  to  the  time  required  to  maitc  target  detections 
nor  was  there  evidence  of  practice  effects  for  cither  group. 

5.  Tlireshold  variability  from  cb server  to  observer  was  significantly 
higlier  for  the  unaided  vision  group,  rnis  finding,  however,  may  be  the 
result  of  a  statistical  rather  tha:’.  an.  opsicc.l  effect, 

6.  Ferfomance  differences  between  fne  yellw  lens  and  unaided 
vision  groups  could  not  be  attributed  to  ar.ibicp.t  illumination  differences 
at  the  test  sites. 
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It  is  concluded  that  the  use  of  nonmacnifying  yellow  lenses  with 
approxiaatcly  50^  transmission  at  510  millimicrons  to  enhance  personnel 
detection  in  the  evcrcrcen  rainforest  is  uni/arranted  xuider  the  present 
e:«pcrimental  conditions.  It  should  be  pointed  out  that  the  study  did  not 
attesqpt  to  investigate  other  important  aspects  of  personnel  detection  such 
as  covinG  tarcets,  observing  tram  highly  vegetated  areas  outward  into 
brighter  target  areas,  and  vertical  search  fields.  It  should  be  further 
noted  that  ambient  illumination  was  two  to  three  times  higher  than  wet 
season  levels  measured  at  the  some  sites. 


EiTKODUCTIOH 


Littio  quantitative  data  are  available  on  'visual  thrcsliolds  in 
tropical  forests,  Tiic  UC  Amy  'I^opic  foot  Center  lias  initiated  a  suv.  *  ■ 
of  studies  to  establish  norruxtivo  visibility  data  under  a  variety  of  en-n.- 
ronnental  conditions  to  provide  this  information, 

Tl’iC  present  report  is  the  fourth  of  this  series;  it  differs  from  past 
studies  by  c^:plorinG  the  feasibility  of  cnlianclnc  tarect  detectability  in 
the  evercpreen  rainforest  by  the  use  of  norunacnifying  yellow  lenses  de¬ 
signed  for  low  illumination  environments.  In  the  preceding  three  studies, 
vision  vfas  unaided. 

BACKGROUND 

In  the  Tropic  Test  Center's  first  study,  J'ORgle  Vision  I  i/,  visual 
thresholds  vrcre  established  for  a  scrcideciduous  tropical  forest  during  the 
dry  season.  In  the  second  study,  Jimgle  Vision  II  ^ ,  visual  thresholds 
wre  investigated  in  an  evergreen  rainforest  during  the  vret  season.  In 
the  third  study,  Jungle  Vision  III  3/,  the  effect  of  seasonal  variation  on 
target  detectability  in  an  evergreen  rainforest  vras  investigated. 

In  the  present  study,  data  collection  took  place  concurrently  xvith 
the  Jungle  Vision  III  data  collection.  A  total  of  30  observers  ii7  were 
tested  for  both  studies — 13  unaided,  and  12  equipped  vri.th  special  lenses. 
Results  obtained  from  the  18  unaided  observers  were  used  as  control  data 
in  the  present  study. 


ly  Dobbins,  D.  A.,  and  M.  Gast.  Jungle  Vision  I:  Effects  of  distance, 
hcriaontal  placement,  and  site  on  personnel  detection  in  a  seioidecidxious 
tropical  forest,  US  Amy  Tro-t.ic  Test  Center  Rep,  For+.  Clajd:on,  Canal  Zone, 
Apr  1S)64. 

^  Dobbins,  D.  A.,  and  M,  Gast.  Jiingle  Vision  II;  Effects  of  distance, 
horizontal  placement,  and  site  on  personnel  detection  in  an  evergreen 
rainforest,  US  Army  Tronic  Test  Center  Rep.  Fort  Clayton,  Canal  Zone, 

Nov  I96U. 

2/  Dobbins,  D.  A.,  M.  Gast,  and  C.  M,  Kindick,  Jungle  Vision  III; 

Effects  of  seasonal  variation  on  personnel  detection  in  an  evergreen  rain¬ 
forest,  US  Army  Tropic  Test  Center  P-sch  Ren  Fort  Clayton,  Canal  Zone, 
May  1965. 

4/  All  observers  were  provided  by  the  Cemsanding  Officer,  4th  Battalion, 
10th  Infantiy,  through  the  assistance  of  the  Chief,  Combat  Developraents 
Office,  US  Army  Forces  Southern  Camand. 
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Tills  cxiilcrator/  iiivcctication  vras  an  autcroifth  of  Jix'.Gic  Vision  II, 
in  v/i'.ici.  a:'.bicr.i,  ill'x  unr.'iicn  '.’as  fo’.v;id  to  avaroGO  or.l;'  IG  to  20  fcot- 
candj.cs  Ir  a  v>et  scaccn  c\’CTCX<icr.  rainfoi’ost.  Utilis'^r.;;;  tiic  consultative 
services  offered  'ey  Lausun  C-.  jiorb,  Inc.,  iJ the  senior  auticor  requested 
advice  cn  the  feaslcility  of  enhancinc  tarect  detectability  Liircuch  the 
use  of  colored  lenses— particvlarly  these  dcsicr.cfi  fer  lov;  ill’iciination 
cnvii'orcscr.ts .  The  rationale  for  ■'■.Ids  request  i.'as  tlat  those  lenses 
inhibltinf;  tra.-.s-ciission  of  the  shorter  \;avclcncth5  (blues  and  orcens)  of 
ti’-c  visible  spcctruu  tiiclit  eniiancc  contrast  and  apparent  brlchtness  enouch 
to  r.avo  a  sicnifieant  influence  on  tai'cet  detection  in  the  ovcndiclrainGly 
Creen  surroundincs  of  tj’.o  rainf crest .  Tiic  author's  initial  interest  in 
this  potential  mplication  of  optics  was  sthnulated  by  an  informal 
coEiair.icction.S/"  . 


Tne  reply  confinrwd  the  potential  usefulness  of  these  lenses.  The 
reply  also  cuscestod  fno  feasibility  of  usinc  didysni'usi  filters  to  enhance 
contrast  effects"  in  hicher  illumination  environments. 

In  addition  to  furnishinc  advice,  Bausch  U  Loilb,  Inc.  ,1/ furnished  the 
Tropic  Test  Center,  at  no  cost,  one  eacii  oi'  the  follovrin£j  nonmacnifyinc 
items: 


a.  Lic'nt  yello^vr  lenses  fitted  in  chemical  GOCCles  vdth  50^ 
transmission  at  U60  miHinicrons . 

b.  Yellow  lenses  fitted  in  spectacles  with.  50?>  transTaission  at 
510  millimicrons . 

c.  YeHovj-oranse  lenses  fitted  in  spectacles  vrith  ^CFft  transmis¬ 
sion  at  5**^  rdHimicrons . 


d.  Light  red  lenses  fitted  in  spectacles  ■with  transnission 
at  5OO  millimicrons. 

o.  Lichroic  lenses  fitted  in  spectacles  \rtth  a  sharp  cutoff 
followed  by  a  sharp  rise  in  the  middle  (yellow-orancc)  portion  of  ■the 
spectrum.  This  item  was  desicned  to  cr.lianee  contrast  effects. 

The  above  listed  items,  with  the  exception  of  the  dichroic  lenses, 
systematically  filter  out  on  incrensincly  greater  proportion  of  the  'bluc- 
Creen  spectrum,  and  thus  result  in  greater  apparent  brightness  of  oranges 
and  reds.  The  yellow-hued  lenses  are  used  extensively  by  iiunte...  and 
rerkcren  to  aid  in  detection  and  tracking  of  targets. 

^  hcfcrcnac  to  a  cerporate  entity  in  this  report  is  for  information  only 
and  docs  net  constitute  an  official  indorsement  or  approval  of  the  entity 
or  its  products. 

2/  1-iaycr,  iinrris  L,  Personal  eorssunieation,  I6  Kove.iber  1?^4. 
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The  12  observers  used  ir,  the  present  study  vere  equipped  only  ■■■it!, 
the  yellow  lenses  (iten  b,  page  U)  vith  trc-nsr.issicn  ut  51'^  niUi- 
microns  =/,  The  other  lenses  i/iU  be  evaluated  in  future  stiidics. 

I'JETHOD 


Obser'/ers .  Ti;o  £proups  of  observers  (Os)  vere  tested.  Tivelvc  Cs  •••ore 
tested  \<ith  Glasses.  BiGhteen  Os  were  tested  \nth  vmaided  vision.  Ail  Os 
were  pretested  to  ensure  r.omal  near,  far,  and  color  vision,  as  well  as 
noiTial  dqath  perception.  Corparison  of  the  two  c^foups  is  shovm  below. 


Averace  ace; 

Ace  ranee; 
Avorace  length 
of  service; 
Hance  of  grades: 
Ko.  Q-I  in  Combat 
UOS; 


Os  with  Lenses 

(ir=12) 


2h.5  years 
19-33  years 

52.2  months 
E3  to  E5 

10  of  12 


Os  with  Unaided  Vision 
_ (1=18] _ 


22.2  years 
19-28  years 

32.7  months 
E2  to  E5 

AH  18 


Targets.  Targets  were  US  Atxy  soldiers  dressed  in  standard  military 
utility  (fatigue  OG-107)  uniform  without  insignia,  including  jacket,  cap, 
bloused  trousers,  and  jungle  boots.  The  targets  had  their  faces  blackened 
with  charcoal. 

Ewparir.enters .  Two  e:%perin-.enters  (Es)  controlled  the  testing,  which 
was  done  ccncurrer.tly  at  t-wo  sites  per  day.  The  ^s  followed  identical 
standardized  procedures  during  aH  aspects  of  testing. 

Independent  Variables.  Three  independent  variables  were  investi¬ 
gated:  yellow  lenses  vs.  unaided  vision,  target  distance  (4o  to  115  reet), 
and  liorizontal  target  placer.ent  (five  radii)  in  O's  field  of  search  (l80®X 

PcTcrdcnt  Variables.  Thrcv^  performance  measures  were  used.  The 
first  measure  was  the  5-^  detection  tiireshold — that  distance  at  v;hich  a 
target  is  detected  50^»  of  the  tim,o.  The  second  oeasure  was  distance  esti¬ 
mation  of  detected  targets.  Hie  th.ird  measure  was  detection  time— the 
amount  of  search  time'  required  to  detect  a  'target. 

Sites.  Three  identical  test  grids  ■were  laid  oat  in  the  relatively 
mature  evergreen  rainforest  of  Fort  Uaerman  in  the  Canal  Zone  (see  Fig,  l). 


ijtin  initial  attec^it  was  made  to  use  item  a.  (in  chemical  goggles)  but  was 
discontinued  because  the  high  humidity  and  poor  air  circulation  caused  the 
lenses  to  fog  after  being  worn  for  only  a  few  minutes.  Subsequently,  a 
chemical  applicant  was  obtained  that  prevents  fogging. 


5 


Cic  sites  v:crc  selected  on  t;’.e  taEis  of  rcprccer.tativcness  of  v- jot  a  Men 
and  flatness  of  terrain.  For  photocrapl'.a  and  description  of  sitcc,  t;:o 
reader  is  referred  to  the  Junclo  Vision  II  and  III  reports.  Ti;e  stulv 
conduated  to*./ard  the  end  of  a  severe  dry  season. 

Research  Pesirai.  The  research  design  is  sicnmarized  in  Table  I. 

Three  cubersups  of  four  Os  each,  ccrparable  in  visual  acuity,  were 
assicned  randcnly  to  each  of  the  three  sites  and  tested  with  the  yellcij 
lenses.  Obcer’/ors,  both  those  e<;uippcd  ’./ith  yellow  lenses  and  the  unaided 
vision  {p:oup,  were  each  presented  targets  -.vhich  appeared  randomly  with 
respect  to  tarcet  distance  and  horizontal  placement  (radii).  Each  0  tfas 
presented  nine  tarcets  per  radius,  for  a  total  of  540  observations  for  Os 
•.rith  lenses  and  a  total  of  8l0  obser'/ations  for  the  unaided  vision  group. 
Obser/ers  ^vith  lenses  were  administered  the  identical  tests  on  the  same 
sites  as  the  control  group;  the  only  difference  was  the  use  of 'glasses. 

TABLE  I 

Research  Design  of  Jungle  Vision  IV 


Yellow  Lenses 


Humber 

Radius 

Site 

Observers 

T 

II 

III 

Si. 

V 

■ussemCH 

IIvuTiber 

Observations  (n) 

X 

N=  4 

36 

36 

36 

36 

36 

180 

Y 

11=  4 

36 

36 

36 

36 

36 

180 

Z 

:.v  h 

36 

36 

36 

36 

l30 

Total 

N=12 

108 

108 

106 

108 

108 

540 

Unaided  Vision 

X 

H=  6 

54 

5''- 

54 

54 

54 

270 

Y 

11=  6  ■ 

54 

54 

54 

54 

54 

270 

Z 

N=  6 

_5!i. 

54 

270 

Total 

H=l8 

162 

. 

162 

. 

162 

162 

162 

810 

ri=30 


Grand 

Total 


270  270  270  ajO  270 


1350 


ProcoAure .  lU'i’r.ination  irseasures  were  taken  at  all  Os'  eye  levels  and 
at  the  midpoint  of  cacli  radi’is  vrith  a  GE  type  213  licht  netcr  i/  hefore 
and  altev  testinc.  All  sites  v;ere  laid  out  approximately  north~south  to 
minimize  the  effect  of  sunlicht  on  O's  vision.  Four  Os  were  tested,  one 
at  a  time,  each  mornins  by  two  field  teams.  The  Os  not  beinc  tested  were 
not  oJlovred  to  see  tests  in  proeiess,  Tne  0  vclS  infomned  by  E,  readine 
from  a  staiidai'dizcd  set  of  instinictions ,  that  this  vras  a  te6t"*of  his 
ability  to  spot  targets  in  a  junsle  environment.  Tile  0  vras  informed  that 
targets  irould  appear  at  any  point  from  nine  o'clock  to~three  o'clock 
(l30°).  T)ie  0  was  informed  that  he  had  tv/o  minutes  to  make  a  detection; 
if  at  tile  end  of  that  time  he  had  not  detected  a  target,  a  nondetection 
was  scored.  The  ^  v/as  fitted  with  ear  protectors  to  reduce  the  possibi¬ 
lity  of  respondins  to  auditory  cues  caused  by  movements  of  the  targets 
tlirough  the  vegetation.  The  0  I'fas  urged  to  guess  when  he  was  unsure  of 
the  location  of  the  target.  XSee  detailed  instructions  to  Os  in  Appendix 
C.) 


Before  the  appearance  of  the  first  target,  E  turned  0  around  facing 
avray  from  the  course.  E  signalled  one  target  into  the  first  position. 

Tlio  target  took  his  place  on  a  given  radius  at  a  preer.'^jlaced  distance 
marker  and  stood  immobile,  facing  the  0.  The  target  returned  a  whistle 
signal  informing  E  that  he  was  in  position. 

The  0 -.fas  confined  to  a  marked  three-feet  square.  He  was  SLllovied  to 
bend,  tvrist,  crouch,  or  lie  dovm  while  searching  for  the  targets  but  i;cs 
not  allowed  to  move  his  head  outside  the.  marked  square.  The  0  was 
required. to  point  and  give  a  distance  estimate  when  he  detected  a  target, 
but  the  0  V7as  not  informed  as  to  the  correctness  of  his  detection.  After 
the  first  trial,  E  again  turned  the  0  around  and  signalled  a  target  for 
the  next,  positinnl  The  above  sequence  v/as  repeated  until  0  cor(5>leted  45 
observations.  Total  testing  tine  for  one  0  averaged  one  and  one-half 
hours.  One  rest  pause  of  five  minutes  was~allowed  after  the  23rd  obser¬ 
vation. 

RESULTS 

Detection  Tiiresholds .  Table  II  compares  the  50fj  detection  thresholds 
for  the  ur.aided  vision  group  and  the  yellow  leas  group.  On  each  site, 
detectability  was  higher  ’.Tithout  the  lenses.  Overall,  the  unaided  tlu'esh- 
old  vras  10  feet  higher  tiian  the  lens  threshold,.  VThen  the  average  50^ 
thi^csnold  of  the  l8  Os  Vidth  unaided  vision-  was  ceriroared  with  the  average 
50i;  t'nrecholds  of  the  12  Os  equipped  with  lenses  by  means  of  t-test,  it 
v/as  found  thau  the  lenses  significantly  degraded  50ji  target  dotectabiliuy 
(t=2.21;  df=23;  Cne  could  question  the  practical  significance  cf 

this  finding  on  the  basis  of  the  low  absolute  difference  of  10  feet;  how-- 
cver ,  10  feet  repircscnts  approximately  lO'j  of  the  available  visual  enve¬ 
lope  in  this  tj-pe  vegetation  (see  Jungle  Vision  III). 


ij  Kc:cronce  to  any  trade  name  used  in  this  report  does  not  constitute  an 
official  indexsenent  or  approval  of  the  use  of  said  item. 
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'mBU3  II 


5C^j  detection  thrcaholdo  \rt.th  and  without  lenses  at 
each  of  tlircc  cverercon  rainforest  sites. 


Site 


Unaided  Vision 
Cfcet) 


Yellov?  Lenses 
(feet ) 


X 

y 

Z 


74.0 

71.1 

75.0 


57.2 

66.0 

70.0 


All  sites 


73.9 


63.7 


Effects  of  Tarfiet  Distance.  Table  III  compares  the  percent  of  detec¬ 
tions  for  each  of  the  nine  target  distances  for  the  unaided  vision  £p:oup 
and  the  yellow  lens  jiroup.  Of  the  27  possible  paired  ccqparisons  vrithin 
sites,  20  showed  hicher  percent  detections  for  the  unaided  vision  croup. 

TABLE  III 


Percent  of  tercets  detected  vri.th  and  without  lenses 
at  each  of  nine  distances  at  three  eversreen 
rainforest  sites  (dry  season). 


Site 


All  sites 


Unaided  Yellow  Unaided  Yellow  Unaided  Yellow  Unaided  Yellow 


Distance 

(feet) 

Vision 

Lenses 

Vision 

Lenses 

Vision 

Lenses 

Vision 

Lensci 

40 

93.3 

90.0 

80... 

85.0 

96.7 

85.0 

90.0 

86.7 

50 

90.0 

70.0 

8o.o 

75.0 

83.3 

60.0 

81+.4 

75.0 

55 

86.6 

8o.o 

73.3 

75.0 

86.7 

65.0 

82.2 

73.3 

6o 

63.3 

35.0 

66.7 

65.0 

60.0 

65.0 

63.3 

55.0 

70 

66.7 

35-0 

53.3 

40..0 

uQ.O 

50.0 

60.0 

41.7 

8o 

Uo.o 

25.0 

23.3 

20.0 

Uo.o 

30.0 

34.4 

25.0 

90 

26.7 

35.0 

20.0 

15.0 

36.7 

30.0 

27.8 

26.7 

100 

13.3 

0.0 

16.7 

10.0 

13.3 

5.0 

14. U 

5.0 

115 

0.0 

0.0 

0.0 

0.0 

10.0 

25.0 

3.3 

8.3 

All 

Distances 

53.3 

ln.l 

45.9 

42.7 

54.0 

43.3 

51.1 

U4.0 

1 


llhcn  the  percentage  of  detcctionc  i/  on  a  distoncc-hp-distaKce  hasis 
vas  subjected  to  an  ai'.alysin  of  variance ,  the  difference  betvjcon  the  per- 
ccntaccs  of  detection;:  for  all  sites  v/ith  yellow  lenses  (liU.O'/j)  and 
unai-ded  ’/ision  (Sl.lfj)  '’as  not  cicnificant  (F=3.12;  df=l/4j  P^lOfj). 

There  is  no  cotiflict  betv;ccn  this  findinc  and  that  reported  in  the  preccd- 
inc  paragraph,  Tlie  previous  analysis  conpared  50^  tlireshold  data  "between 
individual  Os  in  the  tvo  groups;  the  present  analysis  conpared  overall 
pcrce..t  detections,  combined  for  all  distances  and  all  observers.  Thus, 
it  is  concluded  tiiat  there  was  no  sicniflcant  superiority  to  either  the 
unaided  vision  or  7011057  lens  groups  with  respect  to  total  percent  detec¬ 
tions. 

Distance,  as  a  source  of  variance,  was  highly  significant  (F=64.78; 
df=8/32;  P'=C0.1^).  This  is  a  statistical  confirmation  of  the  obvious 
fact  that  distance  drastically  affeated  target  detectability  for  both 
groups. 

More  Important  was  the  test  of  the  interaction  between  mode  of  de¬ 
tection  (glasses  vs,  unaided  vision)  and  target,  distance.  The  interaction 
was  not  statistically  significant  (l’=0.76;  df=3/32;  P:=»-20^).  These 
results  indicate  that  there  were  no  significant  differences  in  percent 
detections  among  the  txTo  groups  from  one  target  distance  to  another. 
Further  verification  of  this  fact  can  better  be  seen  in  Figure  2.  The 
conforra,tions — or  slopes — of  the  two  functions  were  very  similar.  This 
similarity  conn rrs  .the  nonsignificant  interaction. 

Distance  Estimation.  Table  IV  coirpares  the  results  of  16  Os  with 
unaided  vision  and  11  Os  xTith  yellow  lenses  in  estimation  of  distances  to 
detected  target.’!.  Results  are  shown  for  only  those  Os  who  used  the  Metric 
system  in  their  estimates.  (Data  for  tlxrec  Os  using  the  English  system  ■ 
for  estimating  x^ere  eliminated  because  resxilts  of  past  studies  have  shoxm 
tliat  the  particxilar  estimating  system  employed  causes  more  bias  in  esti¬ 
mated  distances  than  enxrironmental  variables.)  bhen  conpared  by  t-test, 
it  was  found  that  fnose  Oa  xwing  the  yellovr  lenses  overestimated  all 
target  distances  to  a  cignificantly  greater  extent  then  those  Os  with 
xinaided  x’ision  (t=2,19;  df=25;  P<5^), 

Lotcetlon  Time.  Tine  required  tc  detect  targets  is  conpared  betxreen 
the  tv;o  groups  in  Table  V.  The  grand  mean  detection  time  averaged  for  all 
sites  a;id  distances  X7as  2B.6  seconds  for  fne  group  xrLth  the  xinaided  vision 
and_35,.o  seconds  for  the  group  xrith  yellovf  lenses,  V.hen  these  means  x^ere 
subjecvcd  to  t-tests,  however,  the  difference  proved  statistically  insig¬ 
nificant  (t=1.3S;  df=12;  Pas-lOiS).  Tlius,  for  those  detections  X7hich  wore 
made,  there  x.'as  no  sifniificant  superiority  in  the  search  time  necessary 
for  ciU'.cr  t;-c  Os  x.'ith  xinaided  vision  or  t'nc  Os  using  yellow  lenses. 


^  icrccn.  ucucction  subjected  to  inverse  sine  transformation  prior  to 
cnalyci,':  of  variance. 


ircr.nm-.Tct  siaoavi  3ii3caai 
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SEECIAI-  EEUSE;)  m  M  EVERGRKE3J 


T 


1 


T/iBIZ  IV 


Actual  taroOt  dicta-uccs  ar.d  observer  cstir.intcc  r.adc  irith 
unaiued  vision  and  T/lth  yellovr  lenses  (dry  season). 


Actual 

Estimated 

liianbcr 

of 

distance 

Distance 

(Median) 

Kstir.atcs 

(feet) 

Uce 

!t> 

Unaided 

Yellow 

Difference 

Unaided 

Yellow 

Vision  (U) 

Lenses  (L) 

JIiHHL- 

Vision 

Lenses 

Uo 

3'f.5 

1+7.4 

+12.9 

71 

52 

50 

48.0 

58.9 

+10.9  . 

67 

1*5 

55 

1+7.8 

75.5 

+zr.7 

65 

1+4 

6o 

62.1 

73.0 

+10.9 

50 

33 

70 

7<5.5 

106.5 

+30.0 

46 

25 

60 

94.0 

163.5 

■<■69.5 

27  , 

15 

90 

93.0 

123.0 

+30.0 

22 

l6 

100 

* 

— 

13 

3 

115 

* 

— 

3 

5 

*  Insufficient  eases  for  reliable  coitroarisons. 
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TABLE  V 

Tine  in  seconds  for  tarcet  detection  for  observers  with 
yellow  lenses  and  observers  with  unaided  vision  (dry  season), 

_ T/iRGSLDISIAirCE  (feet)  _ 


40 

50 

21 

60 

70 

52 

22 

100 

Unaided 

15.9 

25.0 

26.2 

27.1 

29.6 

43.2 

33.2 

* 

Vision 

(81) 

(75) 

(74) 

(57) 

(54) 

(31) 

(25) 

Yellow 

29.4 

21.9 

32.8 

31.4 

34.8 

44.6 

55.9 

* 

Lenses 

(52) 

(45) 

(44) 

(33) 

(25) 

(15) 

(16) 

*  Insufficient  basis  for  reliable  cor^Jarison. 
(  )  lAusbcr  detections  per  distance. 


I21~.--~;inr.tirn .  Ilensurec  of  iHur.inaticn  i.'crc  teKen  ;Lrrp.edi-. 
a.'-.u  after  ca-Tf.  0  i.T.s  tested.  x\Oaui:i;-;s  'uero  talien  at  Os'  eye 
the  SG-fcct  r.arkcr  on  each  of  the  five  radii.  Table  VI 


levels  r.nl  cn 

cl.ows  tliC  rcs-vilts  for  ti-.e  t'..'o  observer  -roups,  vrn.en  subjected  to  t-tests, 
it  ^.•aa  found  tnat  there  ’./as  no  sicnificaz'-t  difference  betv.'ecn  the  avoroce 
illv.t.ir.aticn  for  the  tv.-c  ci’‘3dps  for  citV.cr  th.ose  tested  at  early  r.ernir.i’. 
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(t=0,3G;  df=12:  P=-60^),  or  for  those  tested  at  nidirorninG  (t-0,U0; 
df=l4;  P=^60jJ),  Thus,  any  differences  in  tarcet  detection  perforr.ance 
hetireen  the  unaided  vision  and  the  lens  croups  cannot  be  attributed  to 
differences  in  illuEvination. 


TABLE  VI 


Average  illumination  in  foot-candles 
taken  on  test  sites  (dry  season). 


(a)  Eye  Level  of  Observer 

_ Site _ 

X  NT  HZ 


Unaided  Vision  21.1 

Yellow  Lenses  l6.7 


9  20.7  9 

U  18.1  4 


(b)  50-feet  markers  on  radii 


Unaided  Vision  l6.2 

Yellow  Lenses  15 *5 


45  42.3  -  45 

20  33.8  20 


58.8 

4o.2 


37.3 

41.3 


*  N  refers  to  number  of  illumination  measures  taken. 


9 

4 


45 

20 


Threshold  Variability  of  IndiYlduaQ.  Observers.  Table  VII  shows 
detection  thresholds  for  individual  observers  along  with  means  and 
standard  deviations.  Sites  are  disregarded  in  the  table  since  all  tlffee 
sites  are  represented  proportionately  in  each  of  the  two  arrays  of  thresh¬ 
olds,  The  means  were  subjected  to  a  t-test  previously  in  the  r^ort  (see 
"Detection  Thresholds"  section)  and  found  to  significantly  favor  the 
unaided  vision  group.  The  focus  of  interest  in  Table  VII  is  the  variation 
in  thresholds  between  the  two  groups.  A  comparison  of  the  standard  devia¬ 
tions  shows  that  the  thresholds  of  Os  using  yellow  lenses  fluctuated  less 
from  0  to  0  than  did  Os  -ivlth  unaided  vision.  Comparing  these  variances  by 
means  of  F-test  indicates  that  individual  threshold  variability  of  Os  with 
unaided  vision  significantly  exceeded  the  variability  of  Os  with  gi^ses 
(F=3.04;  df =17/11;  The  extent  to  which  this  effect  can  be  attri¬ 

buted  solely  to  the  use  of  glasses  is  questionable.  A  statistical  condi¬ 
tion  may  be  responsible  since  smaller  sair^les  are  likely  to  have  smaller 
standard  deviations  than  larger  samples  drawn  from  the  same  distribution. 
This  effect  occurs  because  extremes  are  less  likely  to  appear  in  small 
samples.  Because  I8  Os  contributed  to  the  standard  deviation  of  the 
unaided  group,  but  only  12  Os  contributed  to  the  lens  group,  the  signifi¬ 
cant  difference  mey  be  due  to  the  effect  of  the  glasses,  differences  in 
sample  size,  or  some  combination  of  those  two  factors. 
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TABIE  VIl 


Means  and  standard  deviations  ol  detection  thresholds  for 
ohser/ers  \ri.th  unaided  vision  and  with  yellovj  lenses. 


Unaided  Vision 

Yellow  Lens 

77.5' 

56.2 

77.5 

59.1 

85.0 

58.7 

72.6* 

69.8* 

65.0 

72.5 

72.5 

65.0 

78.4 

62.5 

75-0 

67.5 

57.5 

70.1* 

72.5 

72.5 

58.7 

77.5* 

67.5 

67.5 

95.0 

77.5 

T3M 

62.5 

78.5* 

71.1* 

Mean  =  73.2 

=  8.8 

N  =  18 


66.5 

5.0 

12 


*  Thresholds  estimated  by  least  sijuares. 


Traetiee  Effects.  Table  VIII  compares  practice  effects  between  the 
two  ETovips.  Tne  purpise  of  this  comparison  was  to  determine  whether  the 
relatively  poorer  performance  demonstrated  by  Os  wearing  glasses  could  be 
attributed  to  "getting  used"  to  the  glasses  during  the  earlier  trials  and 
thereby  depressing  their  overall  threshold  scores.  The  average  number  of 
detections  during  successive  five-block  trials  was  thus  computed  for  both 
groups.  Tne  results  show  that  there  was  no  systematic  Improveffleat  in. 
performance  for  oitlLj:  group  iidren  task  difficirlty  (mean  actual  distance) 
is  considered.  Thus,  the  poorer  performance  sho^'red  by  the  lens  group 
cannot  be  attributed  to  habituation. 
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tabu:  viii 


A  coriparisor.  of  pra.ctice  effects  'betr.reen  otocrvors 
•with  unaided  vision  and  yellow  lenses. 


Mean  Ihmiber 


Block  of 

Detections 

Mean  Actual 

'ive  Trials 

Unaided  Vision 

Ycllo’.f  Lenses 

Distance  (feet) 

.  1st 

2.1 

2.1 

66 

2nd 

1.6 

1.5 

78 

3rd 

3.3 

2.7 

64 

4th 

1.8 

1.7 

34 

5th 

2.1 

1.8 

71 

6th 

2.7 

1.8 

80 

7th 

3.6 

2.9 

64 

8th 

2.6 

2.3 

72 

9th 

2,6 

2.6 

81 

SUl'^ARY  OF  RESULTS 

The  iRajor  effect  of  wearing  yellow  lenses  was  to  restrict  rather  than 
increase  detectability  of  human  targets.  Perceptually,  targets  appeared 
farther  frcai  the  observers  wearing  the  lenses,  restating  in  significant 
distance  overestination.  It  may  be  that  the  glasses  also  restrict  the 
range  of  observer  tlireshold  differences;  however,  this  finding  is'  tenuous. 
Detection  times  and  practice  effects  were  not  affected  by  use  of  the 
glasses. 

C0HCLU5I0HS 

The  ”'‘2  of  nonmagnifying  yellcw  lenses  with  transmission  at  510 
millimicrons  to  enhance  personnel  detection  in  an  evergreen  rainforest  is 
not  warranted.  This  conclusion  applies  only  under  the  specific  experi¬ 
mental  conditions  of  the  present  study,  which  included:  fixed  observer 
position;  motionless,  standing,  h'oman  targets;  low  target-background 
contrast;  and  horizontal  field  of  search.  It  should  further  be  noted  that 
the  stud;'  was  made  during  the  dry  season,  when  ambient  illumination  levels 
were  from  two  the  tliree  times  higher  than  wet  season  levels  on  the  same 
sites. 
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APPEIDIX  A 


ORDER  OF  TARGET  PRESEirEATlOl!* 


Distance 

(feat)  _ Radius 


I 

IL 

■  Si 

S 

V 

40 

15 

10 

19 

5 

31 

50 

34 

14 

3 

4o 

21 

55 

39 

43 

45 

9 

36 

60 

28 

32 

U 

25 

24 

70 

17 

13 

3a 

27 

1 

So 

8 

23 

35 

4 

18 

90 

2 

38 

4l 

33 

44 

100 

£6 

12 

29 

22 

7 

U5 

37 

6 

42 

18 

20 

Sequence 

followed 

for  unaided 

vision  and  yellow  lens 

group 

.vppErnJix  B 


Seoucnce  of  observers  tested  ciiowinc  the 
unaided  vision  and  the  yellow  lenses 
by  site  and  by  test  day. 


Mode  of 


Detection* 

Site 

Test  Dr.v 

UV 

X 

1 

UV 

X 

1 

UV 

Y 

1 

UV 

Y 

1 

YL 

X 

2 

UV 

X 

2 

UV 

Z 

2 

UV 

z 

2 

UV 

Y 

3 

UV 

Y 

3 

UV 

Z 

3 

UV 

Z 

3 

UV 

X 

h 

UV 

X 

h 

YL 

Y 

h 

YL 

Y 

4 

YL 

X 

5 

YL 

X 

5 

UV 

Y 

5 

UV 

Y 

5 

YL 

Y 

6 

YL 

Y 

6 

UV 

Z 

6 

UV 

Z 

6 

UV 

X 

7 

YL 

X 

7 

YL 

Z 

7 

YL 

z 

7 

YL 

z 

8 

YL 

z 

8 

♦note:  UV  -  Unaided  Vision 
YL  »  Yellow  Lenses 


1 


t 


(not  used) 
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APPEtlDDC  C 


Instructions  Given  to  Os  Tjy  E  prior  to  the  start  of  each  test  sessio:. 


"We  are  ti-yinc  to  find  out  how  well  you  can  detect  targets  through  the 
foliage.  (In  this  particvLi.ar  test,  v/e  want  to  find  out  if  these  glasses 
assist  you  in  detecting  targets.)*’  You  will  see  one  of  these  fellows 
(deiaonstrate)  standing  up  facing  you  hetvreen  nine  o'clock  (point)  and 
three  o'clock  (point)  at  different  distances  from  you.  There  will  he  only 
one  target  at  a  time,  lihen  I  give  you  the  signal,  you  are  to  stand  \qi  in 
this  marked  hox  (point)  and  search  for  the  target.  You  may  crouch,  kneel, 
or  even  lie  down,  providing  you  don't  move  your  head  out  of  the  hox  (de¬ 
monstrate).  If  you  spot  him,  point  in  his  direction  and  tell  me  how  far 
a\«xy  you  think  he  is.  You  will  have  two  minutes  to  find  him.  If  you 
don't  5pot  him  in  the  time  limit,  I  will  turn  you  around  and  score  a  miss. 
If  you  think  you  see  him,  hut  axe  doubtful,  go  ahead  and  guess.  There 
will  he  45  trials  in  all,  and  the  test  will  last  about  an  hour  fJid  a  half. 
Are  there  any  questions?" 


*  Read,  only  to  the  yellow  le  ’s  group. 
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(MOT  USED) 


APPEIffilX  D 


Definitions  of  Statistical  Symbols 


F-ratio: 


Probability  (P); 


Degrees  of  freedom  (df): 


Standard  deviation 


Median; 


Weighted  mean; 


This  ratio  is  derived  fron  the  analysis  of 
variance.  The  analysis  of  variance  yields 
the  probability  that  the  variation  in  a 
set  of  means  may  be  attributed  to  random 
sampling  fron  a  common,  normally  distri¬ 
buted  pqpiilation. 

This  syribol  refers  to  the  level  of  confid¬ 
ence  idilch  may  be  placed  In  the  statisti¬ 
cal  significance  of  values  derived  ftrem 
many  different  types  of  statistical  tests 
and  measures. 

Degrees  of  freedom  are  related  to  the 
number  of  observations  entering  into  a 
particular  test  of  significance.  To  some 
extent,  the  degrees  of  freedom  determine 
the  level  of  confidence  placed  in  the 
results  of  the  analysis. 

This  is  a  measure  of  the  variability  of 
individual  values  In  a  frequency  distribu¬ 
tion  around  the  mean  value. 

The  midpoint  of  a  series  of  numerical 
values;  it  represents  a  point  on  a  con¬ 
tinuum  rather  than  an  algebraic  average- 

This  is  the  grand  mean  of  a  series  of  In¬ 
dividual  means  weighted  by  the  total  number 
of  observations  entering  into  the  congmta- 
tion  of  the  individual  means. 


Inverse  sine  transformation:  A  transformation  frequently  applied  to 

percentage  values  prior  to  analysis  of 
variance  to  reduce  correlation  between 
means  and  variances. 
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